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0 2J OS! 
9 S 397,000 S! 

432; 000 " "S 

1. 2^A1- §AIIAH(ES)_1S 
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^ «^*H D Hlfl ^^l^-S) ^-g^rf. S^-, «V^^ 6»^o)]o]e) 

3E 3 
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1*5*4 3^1 

^ ^-f-^ {APPARATUS FOR DRIVING 

SCANNING PROBE AND METHOD THEREOF} 

100 : «W*1€ 200 : 7] ^^Hr Hh«7l 

300 : ^?B^ =3.1 310, 710, 712 : H 

320, 720, 722 : SliefltH 330 , 730 : ^3.*$ «!}.?MH^ 

340 , 740 , 742 : <aj4HI°lEl 
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400, 800 : 

410 , 810 , 820 : IS 420 , 830 , 840 : ##7l 

500 : $]*)*11<H <a-Sb¥- 510 : ^4^r 42?) 

530 , 932 , 934 : £-9-71 540 , 900 , 942 , 944 : 41*1 ^7] 

600 : «-e)7) 610 : <a^«*ol3 

612 : afll ?m 614 : 

616 : »12 ^ 620 : 7>^^-g 

630 : 7i-§- 700 : i?H^ 2.S.H 

912, 914 : ^^Hr ^-2:71 922 , 924 : ^^Hr^r "3^71 

^--£^1 f-ofe JiLcf ^Bl^tsf ji^^^-s. ^^.^ji ^o.oj o]e\ifr ^^j) 

-g-*fliir *H-3.*| ill ^°13(scanning probe 

microscope; SPM)<>1 #-§-5^ J! &t}-. 

^U«*} «n)^sl f^Sfe #7.]-<q eU^Ctunneling)^* ol-g-^- STM^f ^Rr 
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2] Hi cfle ti(Van Der Waals) ^* °l-§-t.l fl^-fl ^^(AFM), *>7l^* 7} 

7] .^PliS (Magnetic Force Microscopy; MEM). -§- .^SLSPMTl] 1 .9.1 ^ 

*1 H (Topograpgy) , ^-^(spectroscopy), S.^. oJ-zK surface friction) 2.^- g.°{ 
(surface adhesion) ^ #*1 3-«l3.*| ^3. ■a^i «H ^^fe °1S 

<25> 1986^ °1 m ^«fl -€*r^l ^^(Atomic Force Microscope : 0 ls- r 

^imsi\ ^*i.(«^e)]H]) #°fl n]^ ^(tip)-a- 7>7>ol *H 3 

<26> £ i£. Jg*}^ ^nl^(AFM)S) ?_1^«1 -M^*>7l ^tr ^<>lt}. 

<27> IE. 1* $2l*}<$, ^«Ji «S«0»1 *KKH1 

sa^H* ^aissi a-a^-Efli- SH-* *r 5ft4. 

<28> £ 2fe #Hfl2] ifla.^ ^^HeKbulk type actuator)^. ^ i?fl^ 

(scanning probe)^ t 1 ***!* M-^vfl 2E^°14. o]nfl ^ «tiH^ ^^HM^Sr <a-^ 
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^^°))°1E1(SA1^] &-g-) ^ofl Si\%\% &sgX\g_!% <# 7 ] ^^S.]£.°\} ^i}^ 

H^(24)S] ^-B-^o)! tg^Q U(22)°l 

o*" 1j(22)Sj ^--g-ofl -g-^H ^le1]Hl(24)^ e}lcl^€(10)^S.-¥-El <a^>sl^ sfl 

ol^%( 11)31 ^A]-z)-£l. ^-olsHl ^^-¥-(30)31 5J£t}o].£.= (32)7> Aj-ol^. 

HVA>4£S. tiU}#(l 3 ),g- ^^-SVJI, ^71(34)^ ^^°) o]^o_ s _ ^S-^rf 

. 3r)«=^ ^H-?-(40)°1]A^ ^-7) ^^.(30)S.^-El ^^-«lo}. 
^^°fl 0 lElS) tH?* ^l]^S>7l -41^(41), cflfl. =-<^ ^-71 <s? 

^o|)olBl^-(26)ofl ^*«t^. 

<32> ^eflsl HS.«.of| S)^, <S-g- ^X\g.<>] £igofl ^a]^ 

i^l^^ (positioning)*^ £. 4°fl 3EA]^V u)-sf :£o] ig.g- ^a!^ # 
%qSL3, ^^1a|^ ^AlSLS} ^^Bfll- ^#s>7] ^It!: ^ (tapping)**)-* *a]o|| 

<33> ^Lem ^A}jL9\ fa^ £f ^^0) flo}^, i?fl^ i^Ef ^o)7l ^SflAi 

n ^^Mlfe 4 ^ f£ ^o) o]Z\%Jl, £t>" 7flS] i?fl^ 

SSfif *8^*H ^^A]S.2l #^-Aj-E)]S. ^ A ]ofl -^fl^g).^ O^g-o] SU&t}. 
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<34> t^-s- #efl2i s-^-a- ##of _6>-#t!:- ..^-J&jgs] 

<35> ^- ^2S] i?fl^ S3..S.2} ?-§-#*l» t 1 *^ ^ wj-^* 

<36> ^-7ltb tt^Sl *)U2} fl*H, «-^2] 

<37> sH°l^^; 

<38> 7]$^^ ^3*>7l fl« 7l^MK= *^7l; 

<39> ^U^, ^-7] ^H^B^ ^>^<H1 S<S <3^Kr 

S^-El «o^}5)^ ^>*>7l 2^ i7JN 

<40> ^-71 iTfl 1 ^ ^S.«.^S^-El «VA)-5)^ Bilol^Hj^. ^^*H ^#^!^» IH^I 

<41> ^7l #3 #-^3.^ ^#^^«, -*7l 7l^4^T ^^7lS.JfEl 7l$^4^rl" *)1 

^•«lo> #71 «m*§ aj^HM^ ^H*H *<H*M fl^- 

«<2> 3E«, -g- ^)U2l -=-3* ^^B>7l fl*M f ^- ^Hlfe, 
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<43> 

<44> 7) $^4^ *>S*>7l ^tb 7)^4^ 



<48> ^-7] ^3 «..§.«=!. ^#A1^#, # 7 ] 7] ^^3}-^ ^■^7] S «. El 7 ]^^^. ^ 

<50> ( i ) ^l^r^Hr ^-^^-a-i- ^^o]Elofl ol7>sM i?H^ 5S« 

«- ^P-S^lfe #7)1; 
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<52> (Hi) ^7] -SiS^M -g-a]<a 3#s>^ ^*|; 

— <53> . _ _(iv-)->a-7-i-3#3-'§-^- , a #§3i--^i -7.i-#^-4^-^^--a-- wissm .. 

g-ztq £4*Kr #31; 

<m> (v) #7l <3<y-=) #3*MI -§-#*M -S-aHo) ^^-t *H- 33 £3 

^* #31; ^ieIji 

<55> (vi) #7l i&^lMI 4el- tq-tij- es^ofloiEls *fl<H«H 0 1 

¥<*l*lte #31* if-«Rr ^3]^ =s.«.sl T^^-fr 31 
<56> ^ofl 4^ saisi ^g-#*l Si ^"J-'SHl 2l4#, ^?H^ = 

S###* ^7ls 3#*>7l fla] §-3-* *r<8« "r 

<57> oi*>, 3^ 3-s*H, ^3 wH^tt ^Hm* *«a £ Ji 

<59> £ 3* *^si <a ^h°ii ^-f-^m ssn°w 

€(100), 7l§^^ UH8 71(200), i?H^ S3.JM300), ^3#-¥-(400) =Li)3. 3*13H 

^^••¥-(500)5. ^€4. 

«*» #7l ^o]^^(ioo)-S- aM*l** #7] i3|\3 =5.*L(300)o|| gA>«H , S?) 
HM87l(200)te 7l^4^» #7) i?fl^ SS.o(300)ofl ^11**4. 
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<ei> # 7 i =SH.(300)fe 3(310), ?i^E)]«1(320), >g3*g 3(330) nej 

2- ^4*1 on^oflo] el (340)1- if-sH #7] e1)ol^^-o. ^V^-cf. #7]. 3(310)* #7l 

?i 101 al (320)3] ^cjo] 7>*cHl ^^5)^ K ig o^^^cf. 

<62> ^-7] ^^Hl<>]El(330)* -8-71 S^^lHl (320)^1 eK^I iq«-^o.s. tg^o} 

-8-71 7]£^*K*, H>^^fe Bfeoj] o]«fl ^S)<H A o V 7 ] i?fl ^ B S «.(3(X))7> <g 

^(tapping) *#* ^slTfl ^-n)-. o] nfl # 7 ] ,g3g *#* £ 5°fl ^o] ( 

3(310)°1 ^AlJLS} s^oj] ^#^1 Aj-^o) ^.^( contact ) ^a] S s] a 

-8-Eflo] fe-g-^ (non-contact) S.^31 =^o_s. ^o] a^^I S^ofl <g 

3 ^7)3. ^#<sKr ^-#-§: 7>E) tit}-. 

<63> ^-71 eJ-Ej-.^ ^^HHeI^O)* #71 ?ilJefl«l(320)s] e^oJ ^*fla}o.s 

^SOlHl^ S^l^^(positioning) *#* ^fli}. °lnfl #7l S*)^ ^#* 3* 

<64> # 7l #^#^-(400)* SI tj-olis. (photo diode; 410) g *JM(420)» 
4. #71 3LS. 4 o l-2-E.(410)* ^. 7] ^^e)]tH(320)S.-¥-El bUJ-s]^ ^oI^hjo] 
°H ^ ^#*1J1 #7] ^7|(420)^r #7l w>A>zHl tfl$. 

^ #71 3*1*IH <S#->?-(500)* #71 #^#Jf (400)3.Jf El SVA>^ tfUJ-zH) tfltb 

3iL» ^l-?^ #7] 7] §^4^ £^7l(200)3.-»Ml 71S^SHM- *(|^o> g^oj* 

<3#-¥-(500)* #^A1SS1 g^H* ^E)o|] cl^#5)l°l«>7l£ ^-tj.. a.4 

#^«W1*. #71 <3#^(500)* ^MHr ^7](510) ( ^4^*} ^#71(520). 

<3#7l(530) ne]ji ^^1 (540)* tMJ1«-c}.. ,. 
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< 66 > # 7 } ^A^r ^■27l(510)fe 3*€ 5)1 <>H« 3 aVx>z^-£.ofl cfl^V Aljrsl ^4 

i?fl^ = SJ=L *§>^ ^(310)4 a^^-Efll- ^is\JLA *13L?H #§-§}£- 

<67> #71 ^sHr*> ^^-71(520)^ #71 7 }&^tifr t^7l(200)3.-fEi ^l^-5]fe 7l$^ 

*Hr 4 £4 4-71 ^4^r ^£71(510)3.^1=1 afl^S)^ 5)H ^ S) ^a]^ 

<68> #71 £3*} <a#7l(530)Tr #71 ^sK**h <&#7l (520)3. Jf El *R0J:» ^l^o} 

H (310)3 {Its £^1}. 

<69> #71 $1*1 ^-S-7](540)^ #71 fcflaV £#71(530)3^ Ajlf 

^•^> -S-^H 6 ) -41^* 471 ^«flolEK340)°fl 

^1^*H 4-71 ^^olEi(340)sl ^Hl*^. 

<70> #^^- ^ -iAld|lo)l^^. S^y.21- U*ll3 ^^o})olel» 

tMJ^jL, ^?fl^ si^-o)i ^ui-a! ^^HM^-I- nMitfM 

olElS^ ?i«ellBl2l ^^^lS^l ^^1?!^ :§-#§■ ^^*>Jl, >§ia^ ^^ollolEl 

3£r ^Sl^ ^-fr ^AlJLO} a ^o,] ^#g. ^SMl S}S4. 

•14. 

<72> £ 5« #2:*>^, -g- "fi^ ^HH Sl^. i? fl^ =SU.S1 ^#^1^ ^ol 

7^(100), 71^4^ IHM^OO), #35. §-e)7l(600), i?ll^ S3*i(700), #3# 
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-¥■(800) ^lsU 3333 g-4H-(900)3. ^€3. *i33 33* ^33 ^33 5S« 

27fl3 ««S|)33 ^33fe 53 # -g^tH}. 

<73> #3 333€(100)£ 333## -#3 #3s-g-3 7) (600H1 "2^^. 

<74> £ 6£r #3^- S-e)7]S] <g ^Aloj)» SAltb 333. 

<75> £ 6* #2:3^, #7l ^£33. «-2l7l(600)fe 4U 33(612), €^#(614) ^ 4|2 

33(616)-|- 013(610), 3" 3 3^333(610)3 41 1 ^(612) 4l2 3 

3(616)3 oj^ofl 3^(630) zlsIji 7>^^i^(620)# ^1^3-. 

<76> JiCf 3^1341^, ^"71 7>*S3€(620)£- 3"3 3^°11 o] E| (610)3 4]1 3.3(612) ^ 

412 33"(616H 7}i*m °.3. ^§-3«# 41^3^ 3"3 7>^^^(620)<Hl -g-#3-3 33 
£3*(614)-8r °Jo.33 S3. 33 €*§*(614)3 «^ofl nj-s). afli 33(612) 

S^r 4l2 3.3-(616)<=fl ^333 3-g-(630)3 7l*7l7> ^34133 3"3 33^ 

(100)0.5^-3 31*3 fc 337^3 33341 ^ ^ ojcf. 

<77> ^-71 ^7fl^ SS.H(700)^ 41 1 3*5)13 (720), 7)12 3 Us)] 3 (722), 3?1 * 

412 31133(720, 722)3 *KKHI 33 «i3€ 3 #(710) (712), 33 333 3U33 
*ll °J^1^- 411 3? 412 33*§ 3 ol3(740) (742), ZZ3ol 33 i?J)3 

°1) 3-¥-3.°-5. *I33 "fia^S 3^°floi3(730)# 3E3-3-3 >y-3 £-33(600H 
3*fl -SMS- <a33*r ell 01 3^ #33-3. 

<?8> iLcf ^i^t)]^., #71 333 ^»(7io)(7i2)^g- 3-3 3*333 °J3?1 33-3-3 
33 *I333 «?33£.3 ^3°fl 33 ^ : f-^-3. 3"3 ^§3.^ 3-fH133(730)fe 
33 3*333 33-3 33-3 ^333 33 3^3^, 3333-41fe ^3 kHHl 
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^(tapping) ^-#* ^r*8*}7fl «-i=h -#71 °Jj^ 

— - °)HEl(.740)(742)t- A o v 7] 3 3 2fl tH 21 .E^ofl. -a All .^#.S)<H .^jfieflwlSl. £*l*l^- 

(positioning) ^f-^M: ^^tb^. 
<79> aj. 7 i ^-^#^-(800)^ 27fl2l SI nM.o_.E.(photo diode) (810) (820) ^ °121 
^ zfz}- 27)121 ^#7l(830)(840)# if-tH}. #7l 27fl2l i£ cfol^c 

(810)(820)fe #71 as.a.21 «fl# S^eflHlS^Ei «Va>£]^ ^H^o] ^zj-ofl 

^iL* 3#*>31 -8-71 ^71(830) (840)^7 #71 >*U}zH cfl^. ^a.* ^&t±. 
<so> ^-71 -$l*lx)]<H <S#:-¥-(900)^ ^71 ^-^#^-(800)3.^- El ^a^o} aUJ-zHl tflt!- 
^iL» Jl^ZL, #71 71^3)-^ ^7l(200)S^-El 71-g^MHM- ^1^-^V £$l*lH 
•I- ^*}7l ^tb #7] ^^«)l^El(740)(742)<Hl ^l^tt^. 

<si> at!-, #7l ^^l^iH ^#^-(900)^- ^^7-15.21 ^-s^ji* ^^fl=H *f|*sM cl 
i#efl°l*>7l£ ifrt\. 

<82> jitj. #-*flS>7flfe, #71 flaj^M ^#^-(900)^ ^ *fl2 ^-2:71 

(912)(914), ^ *)12 ^s)-^> <?i-#7] (922 X924), afll «2 ^2 ^21^> <3#7l 
(932)(924), =L?\JL Al ^ *112 ^^1 (942)(944)« ^P-alt!:^. 

<83> afll % *\2 ^sK= ^27l(912)(914)fe A?\ ^"71 Sfl^ ^3#7liM ! -e1 3# 

a tHH^2] hVa>z^so,1 tfl^ ai^si i^sH #71 *fll * *)12 ^sHr 

x\ ^#71 (922) (924) 21 zl-7l *H^tM". °H #7l ^4=r i?fl^ SS« if^l ^ 

^€ S^#^» ^^^7> S}^ Al^L^l 2j-g-S>fe ^7>?i ^^]^(^ CflH. 

iflM 2l«fl ^s]^ ^21 ^-a]^ ^4^014. 
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-8-7] afll ^ 42 ^^Hr*} <a^7l(922)(924)^ ^7] #7} 7 l^sHr 1HJ7] (200) 
3-^ 4^^ 71§^4t #7] 4l « *1]2 ^^Hr 42:71 (912) (914)S-?- B\ Z$ 

71 ^1-g-sl^ eflol^wi^ ^3).^ ^«.si *1-a1J:(923) ^ ^12 *R]:§:(925)« 
3#«-4. °H 3#£ ^11 ^ *1]2 *M]Jl(923)(925)» #7l 4l ^ *fl2 <a*l-7l 
(932)(934)°)1 ^)1^>ji, 3*eH 2)1^*W ^*)S.s] ^i#elH*]-7l 

#7) ^1 ^ ^)12 <a#7l(932)(934)£r ^7) #7) 4l ^ *fl2 ^4t *><?i# 

71(922) (924)4 44-^-3.^-Bl *fli ^ ^)12 ^Jl(923)(925)# 44 ^l^o} U4 *)U 
^ »12 ifi44 -tl^(933)(935)S 47l ifi:|M2-4. 

^-71 2fll * ^12 4*1 ^71(942) (944) SI 44£r #4 *fll ^ ^2 £44^71 
(932)(934)£l 44-2-^4 *fll ^ *fl2 £44 *]Jl(933)(935)1- 47l X|**«>> 

41 ^ ^12 *1^»H 4] 51(943) ( 945 )« 44 <#7] 41 * 
»12 44^ 3j 4HH 4 (740) (742 H *f|^*H #7l afll ^ *fl2 44*§ *j^°)l °14(740, 
742)2} 444 £4-1- *ll4t!-4. 

#4^ «Vtg o) ^ a. ^Hlo|A^ 3le>l*l3).OS-!fBl 444 sflol^lgcq ^S. 

♦ £-afl44 %^5L ^-el7l» tM^jL. i?fl^ 27fl si 4^31 41- ^4 

^44^4 ^44H« ^gsHr 44* -M44Sa.°4 41314 4°fl *8^3fe 44 
^ ^^°T| 0 lEl^ 4^r 44)$ ^o]§ 7HES cf^Sl e)]Bls. 443} i ? fl^ n^a 

°fl ^44 ^44fi4 #44£« 4^4 ^51 4°14. 

£4, ^"7HA^ Cf^ 7 flSl ?i«5)]Bl7> ^4^°)| 444 ^4 ^oQ #7fl 44*14 
•a-a-^-^fl^l ^"43 ^r4^ 42:71, 444, £44 ^7l,,^5lJl 3*1^*71 
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^*_^^8toJiSl5E5>a^-.*&* cl^El^^U^.^^ji ^- 7l 6V ^5L.^e]7l2l - - - 

T 1 * *7l°> Al^§Cf^ 3r)-M-^ *3i7l. ^«K= <S#7l , <£#7] 

, zl^m 3*1 ^7i» ^ «Olth 

<90> £ 7 * #££*}#, ^^7lo)] 7l§^4^T >S*3 oJl^oflolEjoil 

?17>*H i?fl^ asat ^Al^cfC^l SI). 

Xg-Sjofl ^S) -g^oj ^^.ofl #A>£|^ ^ 

<HS *}i4 °l#Sl ^lol^^ #xmt±(&7% S3). 

S5). 

<93> #71 #711 S5<HH 3#£ ^Sl -g-3<3 ^. 7 ] 7 |§^^ 

*H ^4 AlS#2l #21^ ^Af^-Cl-(#31 S7). 
<94> #71 #$1*H1 -§-#*M -g-2)<H*> *H.SL «W olA>si ^Sl #$1 

^-8- ##?W#7ll S9). 

<95> #71 ^^^=ofl 461. ^ol £ 5->i4 o]^3) ^ ^^o)lolEl# *iHSW ^-fr <>1*A] 

?1CK^ Sll). 

<96> o)ol ^#^11- 7)1 ^ -S-^Al^O^^H ^^^Al^o) ^^o)l^ 

#7l #31 SIS. ^caJjSH ^-71 1!" *2l"* #^^"Cf(#3l S13). 
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3.^ ^#oflo]El» £11^3 ^^f-^ ^SVi, i?fl\3 SiHl 

iH4 mis. ^ ktfcis. ^--S-sjfe oj}^o)]oi^s. ?i^ei]iHs] i*l*j^ «- 

<98> <>]#, -ytg^ ^ £o] £ ^ofl n}-e1- i?fl^ 5L3.*9] <qjf°11 Hs^ ^°fl°l 

nMj*H -8-71 SB^oflol^S] ^ ^ ldfc?] JI^BHrS i?H^ 

<8 -8-71 tt=3H§ 5fl^oflo]El^ ^ ^^7> -s-71 *&3.*§ <* 

fMHEi°l -^-S-^^a.^ ^i^2Hr°J *r-9 Hfe^ ^*HrS i?fl^ 2.3. 

±L» ^3*13.3 (tapping) 3 ^ ( jumping)*fe <r 5ft=K 

<99> ^ -M.^ i?fl^ £SUoll WV^^ «HMMe)« Zj-Zf ^A^J-J, CIS.."*) ^^5] 

«11 ^fl\3 **Nb 4 s 5a cf. 

<10O ^-7H^^. £ ^S] H>^^- 41**hSa*l«. tfl* 7]#-g-0)<q 

#<a*Hr *>7lSl ^^efl 7 |*fl3 £ A>Aj- £ ^^O^ 
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[%'^ 11 

1M-s?te bU}s}71 fl« iJfly S£I=r^; 

^"71 4^il5.-¥-El ^"7) 71*^4^ tt*7l£-*-SJ 7l^4^r 

MJt 1 * 2] 

HS.fi.2l ^8«M, ^71 ^^o)lolElfe i?^ HSHS] 5L 

I^T 1 * 3] 
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4] 

^^5>7l fl* ^4^T -8-71 7)§^^ ^-71 1$2l7]sL^ 

S\St el] <=>} X-j «J 21 J$&<S\ 4^3l# ^#*>7l ^^1- ^71, ^"7] ^4^ 

^^-715.^-Bl *HdJ-^ if] a} ,£o^ A]J1S ^«s:>7l fl^ Igfljq. <S#7l , 

He]jl #71 4^ oV^o\]o)TB\<iW ^-71 ^l^-*>7l 4Htb ^1^7l# 
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